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Abstract ∙ The Chilean Woodstar (Eulidia yarrellii) is a critically endangered hummingbird of the Atacama desert in northern Chile, with a 
population estimate of around 320 individuals in 2017. To generate useful information for the design of population-recovery actions, we 
conducted a study of the nesting ecology of the species between 2006 and 2008. Our specific goals were to provide a quantitative descrip-
tion of the species breeding habitat, to describe the basic breeding biology of the species, and to assess the current levels of nesting success. 
Most of our work was conducted in the valleys of Azapa and Vitor, two of the three last valleys where the species is known to persist. Alt-
hough we recorded some juveniles in Azapa, we only observed the species nesting in one site in Chaca (Vitor valley), in a small (1.4 ha) olive 
grove where 13–20 simultaneous nests were found during the studied breeding seasons. Nesting occurs in September–October, and its tim-
ing is apparently synchronized with the flowering of chañar (Geoffroea decorticans). The species has a particularly long breeding period with 
an average of 48 days (17 d for the egg stage, 31 d for the nestling stage). The Mayfield index of nest success ranged from 21–44%. The prob-
ability of nest failure was significantly higher closer to the feeding areas. The implications of our results for a habitat restoration program are 
discussed, particularly the different requirements of females and males. 
 
Resumen ∙ Ecología reproductiva del Picaflor de Arica (Eulidia yarrellii), una especie amenazada   
El Picaflor de Arica (Eulidia yarrellii) es un colibrí críticamente amenazado del desierto de Atacama en el norte de Chile, con una población 
estimada en el año 2017 de alrededor 320 individuos. Para generar información útil para el diseño de acciones de recuperación de la especie, 
entre 2006 y 2008 realizamos un estudio sobre la ecología de nidificación de la especie. Los objetivos específicos fueron proporcionar una 
descripción cuantitativa del hábitat de nidificación, describir la biología reproductiva y evaluar el éxito de nidada de la especie. La mayor 
parte de nuestro trabajo se realizó en los valles de Azapa y Vitor, dos de los tres últimos valles donde aún persiste la especie. Aunque hemos 
registrado algunos juveniles en Azapa, sólo observamos nidificación de la especie en un sitio en Chaca (valle Vitor), en un pequeño olivar (1,4 
ha) donde se encontraron 13–20 nidos simultáneos para las temporadas de nidificaciones estudiadas. El período reproductivo ocurre en 
septiembre-octubre, está aparentemente sincronizado con el florecimiento del chañar (Geoffroea decorticans). La especie tiene un período 
de cría particularmente largo con un promedio de 48 días (17 días de incubación, 31 días los polluelos permanecen en el nido). El índice de 
Mayfield de éxito de las nidadas varió entre 21 y 44%. La probabilidad de fracaso del nido fue significativamente mayor más cerca de las 
áreas de alimentación. Se discuten las implicaciones de nuestros resultados para un programa de restauración de hábitat para la especie, 
particularmente las diferencias entre los requerimientos de los machos y las hembras. 
 





In the course of six decades, the Chilean Woodstar (Eulidia yarrellii) went from apparently being the most common humming-
bird in the desert valleys of northern Chile to being the rarest, and is officially considered a critically endangered species 
(Estades et al. 2007, BirdLife International 2017). Previously, it was reported from Perú as well (Parker 1982) but more recently 
has been considered officially extinct in this country (Cruz 2006), making it effectively a Chilean endemic. 
Since the first population estimate in 2003 (1539 individuals), the woodstar population has been reduced to approximately 
70% with an estimate of around 320 individuals remaining in 2017 (AvesChile 2017). The apparent causes that led the popula-
tion to its current status include the accelerated transformation of the last remaining natural habitats into agriculture, the  
intensive use of pesticides, and the potential competition with the Peruvian Sheartail (Thaumastura cora), a similar-sized  
hummingbird that spontaneously invaded the region in the 1970's (Estades et al. 2007). 
Although the above mentioned threat factors may be evident, it is unclear what are the specific mechanisms causing the 
observed population decline. Because one of the most important potential limiting factors for the growth of bird populations is 
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reproduction (Newton 1998), in 2006 we began to study the 
species' breeding ecology. Previous information on the topic 
was mostly anecdotal and clearly insufficient as a tool for 
decision-making. These data suggested that the species 
builds its nests mostly in olive trees, and that the bulk of the 
reproduction takes place during the Austral spring (authors, 
pers. obs.). 
Our main objectives were to provide a quantitative de-
scription of the species breeding habitat, to describe the 
basic breeding biology of the species, and to assess the cur-
rent levels of nesting success as a starting point for the de-




Study area. The study was carried out between 2006 and 
2008 in the valleys of Azapa (18o34'S, 70o05'W) and Vitor 
(18o49'S, 70o09'W) in the region of Arica-Parinacota, north-
ern Chile (Figure 1) where most of the remaining populations 
of the Chilean Woodstar are found (Estades et al. 2007). The 
study area is part of the Atacama desert, which is considered 
the driest place on earth, with some areas showing only trac-
es of biological activity (Navarro-González et al. 2003). How-
ever, substantial precipitation in the high Andes (e.g., 242 
mm in Putre, 3520 m a.s.l.; Santibañez 1981) allows water to 
flow to the Pacific Ocean through a few narrow, vegetated 
valleys. Because of a long history of human cultivation of 
these valleys, there is not a clear description of their original 
vegetation, but currently most of the areas that have some 
access to water are covered with salt tolerant crops, or-
chards (mainly olive trees), or riparian scrub (Estades et al. 
2007). 
 
Characterization of breeding habitat. During early Septem-
ber 2006 and based on our previous experience with the 
species, we sampled potentially suitable breeding areas in 
the valleys of Azapa and Vitor (Figure 1) with the intention of 
relating nest density with habitat characteristics (e.g., vege-
tation composition, tree density, management attributes, 
etc.).  
All the selected sites included fruit groves of different 
species (mostly olives, citrus, guava, and mango), with vary-
ing types of management and landscape contexts. Within the 
sample, we deliberately included a site in the Vitor valley 
where we had previously found nests of the species 
(hereafter “Chaca”, Figure 1). Additionally, we included a site 
in the lower part of the Lluta valley (Figure 1) composed 
solely of native scrub, and dominated by chañar (Geoffroea 
decorticans, Fabaceae), whose flowers are the main natural 
source of nectar for the species during spring (Estades et al. 
2007). 
At each site, we conducted a search of the species, and if 
we found at least one individual, we selected a 1.5–2 ha  
representative area where we (one group of 2–4 people) 
thoroughly searched for nests or other signs of reproductive 
activity. For this purpose, we focused on presence and be-
havior of females. Depending on the characteristics of the 
site, each search took between 0.5 to 1 hour.  
By 8 September 2006, we had assessed a total of 14 sites 
in areas ranging from 5 to 1825 m a.s.l. in the mentioned 
valleys (Figure 1). However, because we only found evidence 
of reproduction in Chaca, we decided to concentrate our 
field work on the study of the breeding population there 
(18o49'S, 70o08'W, 390 m a.s.l.). 
 
Breeding biology. In order to describe some aspects of the 
basic breeding biology of the species and to estimate levels 
of nesting success, we monitored breeding in Chaca during 
the springs of 2006 to 2008. During the three years of the 
study we made several visits to the area (2006 = 8, 2007 = 5, 
2008 = 18) between September and October, which is the 
time when most of the reproductive activity takes place. In 
each visit, we systematically searched for nests in a small 
(1.4 ha) olive grove and an area of mixed fruit trees (0.6 ha). 
With less regularity we also searched for nests in the sur-
rounding native scrub (yaro Acacia macracantha, Fabaceae; 
chilca Pluchea chingoyo, Asteracerae; and chañar). For each 
nest found, we recorded its status (in construction, with 
eggs, or with nestlings), height above the ground, and posi-
tion in the tree and orchard. When we found abandoned 
eggs, we measured them with a caliper. We collected some 
old nests to investigate their composition. 
In order to infer the existence of nesting habitat selection 
by females, we used a Chi-square test to contrast the num-
ber of nests per vegetation type with the availability (i.e., 
relative area) of such vegetation.  
 
Estimation of nest success. We estimated nest-success rates 
following Mayfield (1975). This technique requires the deter-
mination of the most plausible date for events, such as 
hatching, nest failure, or fledgling departure. For that pur-
pose, when nest status changed between visits (e.g., from 
eggs to nestlings, from nestlings to an empty nest), we as-
signed the critical date to the intermediate date between the 
two visits (Mayfield 1975). The following criteria were ap-
plied to observations of emptied nests. First, if the estimated 
time since hatching was less than 20 days we considered the 
nest as failed, as it was well under the estimated range for 
the nestling stage (see results). Second, as a conservative 
measure, if the time elapsed between the last record of an 
active nest with more than 20 days since hatching and the 
first observation of the emptied nest was more than a one 
week, we made no inference about the fate of the nest (i.e., 
failure or success). Finally, in order to calculate the length of 
incubation and nestling stages we only used nests for which 
we had a level of uncertainty of no more than 1 day. 
In order to explore the effect of distance to food re-
sources on nest success we compared the distance to the 
nearest flower patches of successful and failed nests with 
the help of a t-test. For this purpose we measured distances 
on a map of the site produced out of a Google Earth image 




Nesting habitat. As mentioned earlier, the fact that all nests 
were found in just one place (Chaca) prevented us from con-
ducting a more quantitative analysis of the breeding habitat 
characteristics. Therefore, the following description is based 
on just one site plus information on a few additional, non-
systematic records. 
Out of a total of 76 recorded nests, most (65.9%) were 
located in olive trees and a few (9.1%) were found in mango 
trees. Only one nest was found in a native tree (Salix  
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humboldtiana, Salicaceae, Codpa, Figure 1) and one in a na-
tive shrub (Tessaria absinthioides, Asteraceae, Chaca, Figure 
1). More recently, we have recorded > 10 nests of the spe-
cies in tamarugo (Prosopis tamarugo, Fabaceae) and pimien-
to (Schinus areira, Anacardiaceae) trees in the Camarones 
valley, and one in a Eucalyptus tree in Azapa (Figure 1). Al-
most all (> 90%) nests were attached to descending outer 
branches (Figure 2A). Average height above ground was 2.2 ± 
0.9 m (mean ± SD, n = 64). A few nests (n < 5) were as low as 
1.0 m above the ground. 
The spatial location of 58 active nests observed during 
three years of study in Chaca is shown in Figure 3. We de-
tected some spatial segregation between sexes, where male 
territories were aggregated in an apparent exploded lek 
(sensu Gilliard 1969) located in an area with high concentra-
tion of flowers (mostly chañar and citrus). Other nectar 
sources included some garden plants and a few Eucalyptus 
trees, but we did not observe male territories associated to 
these resources. The male territories surrounded the nesting 
area of no more than 2 ha of orchards. Territorial males con-
tinuously chased away other males and even females who 
visited the flower patches for feeding. 
Considering that the olive grove represents approximate-
ly 70% of the area covered with fruit trees in the studied site, 
the aggregation of 51 (88%) of 58 nests in this type of vege-
tation suggests a positive selection by the species (χ2 = 8.3,  
p = 0.004). On the other hand, the absence of nests in the 
citrus grove (10% area) indicates that woodstars may be 
avoiding these trees as a nesting site (χ2 = 6.7, p = 0.01). The 
observation of up to three nests (two old and one active) in a 
Figure 1. Map of the study area showing the main vegetated valleys of the Arica-Parinacota Region, northern Chile. 
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single tree and some records of nests built on top of an older 
one suggest that some individual females may select the 
same nesting site between seasons. 
The number of active nests found in the olive grove in 
2006, 2007, and 2008 was 18, 13, and 20, respectively (9.3–
14.3 active nests/ha). In some cases, two simultaneously 
active nests were found at a few meters from each other 
(i.e., adjacent olive trees), but we did not observe any signifi-
cant nest defense behavior among neighbor females, in con-
trast to the aggressive behavior displayed by males and fe-
males around the flowering trees that surround the olive 
grove. 
Although in Azapa we did not find any nests of the spe-
cies during this study, we recorded two “families” (i.e., one 
female plus two fledglings) feeding in P. chingoyo hedges, 
close to agricultural fields. 
 
Breeding biology. Female woodstars build cup-shaped nests 
typical for many trochiline hummingbirds (Figure 2A–E). Av-
erage (mean ± SD, n = 11) dimensions were: height = 42.2 ± 
6.6 mm, depth = 19.8 ± 2.6 mm, external diameter = 39.2 ± 
2.9 mm, and internal diameter = 20.8 ± 1.8 mm. Main con-
struction materials in Chaca were sheep wool, feathers, un-
determined plant fibers, and spider webs. Eggs are white, 
very small (average dimensions 11.2 x 6.3 mm, n = 16) and 
laid invariably in clutches of two (Figure 2B). 
We detected a few nests under construction during mid-
August. However, because of their small size and the incon-
spicuous behavior of females, detectability of nests in this 
stage is apparently very low. For that reason, we did not try 
to calculate the duration of the nest building stage. By early 
September, most of the breeding activity had begun. The 
sequence of the nesting stages for the three years of study is 
shown in Figure 4. Although the quality of the data differs 
among years, it is clear that there was some interannual vari-
ation in the timing of the breeding activities, particularly an 
earlier start in 2008 (Figure 4). 
Out of 58 nests recorded in Chaca we obtained a precise 
estimate of the duration of the incubation stage (Figure 2C) 
for only seven, yielding an average of 17.3 days (range 16–19 
days). This period begins after the second egg is laid, which 
normally occurred two days after the first one. The length of 
Figure 2. A) Typical position of a Chilean Woodstar (Eulidia yarrellii) nest in a hanging branch of an olive tree. B) Clutch of eggs. C) Female 
incubating. D) Nestling (approximately 35 days old) whose sibling apparently fell off the nest a week earlier. E) Nestlings (approximately  
27 days old). F) Male Woodstar drinking in a water reservoir. All images are from the Chaca population (all photographs by C.F. Estades). 
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the nestling period was calculated from eight nests, with an 
average duration of 31 days (range 27–35 days). The total 
time of the breeding cycle of a nest from incubation start to 
fledging took approximately 48 days (range 45–54 days). 
 
Nest success. We could not calculate the Mayfield index dur-
ing 2007 due to the low number of visits to the study area. 
The estimated rate of nest success in Chaca was 21% in 2006 
(344 exposure days, 11 failed nests) and 44% in 2008 (529 
exposure days, 9 failed nests). 
For 16 nests, we recorded the following reasons of fail-
ure: four (25%) and three (19%) nests were abandoned (i.e., 
offspring were present in the nest but dead, and the mother 
was absent) during the egg and nestling stage, respectively. 
In five cases (31%), the complete nest disappeared, in two 
(13%) the nestlings disappeared, and in two other nests 
(13%) the eggs were lost. 
Failed nests tended to be located closer to feeding areas 
(Figure 3). In fact, average distance to foraging sources 
(chañares or citrus trees) was significantly smaller (t = 2.2, p 
= 0.02, df = 36) for failed nests (average = 40.3 m, SE = 5.0 m, 
n = 14) than for the successful ones (average = 59.1 m, SE = 
6.9 m, n = 24). 
Although we estimated nest success for the nest as a 
unit, not all successful nests produced two fledglings. Four 
(11.1%) out of 36 non-failed nests had one unhatched egg, 
and in two (5.6%) cases one nestling apparently fell from the 
tiny nest (Figure 2D). The latter assumption was supported 
by the fact that during their last days in the nest, the two 
nestlings can barely stay together in such a small structure 
(Figure 2E). 
During this study we found no direct evidence of second 
nesting attempts after a failure. Because we did not mark 
birds individually we cannot tell whether the few females 
that initiated their nests in late September or even October 
had already attempted to breed, or if that was their first time 




Breeding habitat. Despite the fact that nest search is sub-
stantially easier in orchards and gardens than in dense thick-
Figure 3. Relative location of Chilean Woodstar (Eulidia yarrellii) nests, vegetation types, and other habitat features in the Chaca study site. 
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et, after several seasons of work in the region we are confi-
dent that, although nesting in native vegetation may be un-
derestimated, exotic trees as a breeding substrate for the 
Chilean Woodstar in the Azapa and Vitor valleys are certainly 
more important than native trees. This finding is in agree-
ment with our observation of a positive association of bird-
species diversity and olive groves in the study region 
(Estades et al. 2007). A potential explanation for these 
patterns is that olive trees might have replaced long lost na-
tive woodlands. Evidence for such a vegetation is scant, but 
the fact that a few scattered native trees do survive in some 
areas, and that some of these species (e.g., Morella pavonis, 
Myricaceae) may form small continuous woodlands in other 
areas (Luebert 2004) indicates that the potential for a past 
woodland-type vegetation existed. Interestingly, M. pavonis 
(officially classified as Vulnerable, Ministerio del Medio  
Ambiente 2008) has a size, shape, and foliage that strikingly 
resemble those of olive trees. 
 
What is special about Chaca? The Chaca population was 
known to us years before this study, and its inclusion in our 
sample was deliberate and not the result of a random sam-
pling. Although our data did not allow us to perform a formal 
analysis, we believe that a combination of certain attributes 
of this site might be responsible for the unusual concentra-
tion of nests in Chaca. 
The most evident difference between Chaca and the oth-
er sites we visited during this study is the presence of a 
“pure” patch of breeding sites (olive grove), adjacent to a 
large patch of foraging resources (chañar and a small citrus 
grove). In no other site we observed this apparently favora-
ble combination of vegetation types. The other areas had 
 
Figure 4. Number of Chilean Woodstar (Eulidia yarrellii) nests at different stages (i.e., building, light gray; with eggs, gray; and nestlings, 
black) recorded in Chaca, Vitor valley, Arica-Parinacota Region, northern Chile, between September and October of 2006–2008. Circles  
represent the individual dates in which data were collected. 
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only nesting sites but no or very few flowers, or just (chañar) 
flowers and no nesting sites, or a close mix of both (i.e., in-
terspersed olive and citrus trees). Although we initially 
thought that the latter would provide a good nesting habitat 
for the species, our observations in Chaca suggest that fe-
male Woodstars could be avoiding nesting sites that are very 
close to flowering patches that might attract a large number 
of birds. Baltosser (1996) showed that female hummingbirds 
were distracted by the presence of several other species of 
birds, leaving the nest and, therefore, reducing the time ded-
icated to incubation. 
Although it was not formally abandoned, the olive grove 
where we observed nesting had a minimal management  
during the previous years. The trees were old and their 
crowns had grown wider than what is probably advisable for 
olive production, as neighboring trees were practically touch-
ing each other. However, despite the lack of pruning the foli-
age was less dense than that of many other orchards that we 
visited, likely favoring air circulation and an easy access of 
females to their nests. 
Another important factor associated to the lack of man-
agement is that no pesticides had been used in the orchard 
for years. Additionally, the fact that there were no nearby 
crops in the area clearly minimizes the exposure of hum-
mingbirds to toxic substances. The use of high-pressure wa-
ter to remove mold from trees is a normal activity in some 
olive groves (Chávez-Lazo et al. 2008), posing an obvious risk 
for nests. However, to our knowledge the latter technique 
has not been used in the Chaca site for years.  
Water is very important for hummingbirds, and many 
species build their nests near streams (Skutch 1958, Hayes et 
al. 2000, Greeney et al. 2006) and bathe, drink (Figure 2F), 
and forage for arthropods (crucial for nestling development) 
along water courses (Wagner 1946, Stiles 1995). Although in 
Chaca there is a river, it is normally dry during the breeding 
season. The main source of water for hummingbirds in this 
site is a small reservoir used for irrigation (Figure 3). Howev-
er, this reservoir was inside the territory of a male that ac-
tively chased away most females (likely the unreceptive 
ones). Only during the biweekly watering of the orchard, 
water is available for the females who take advantage of the 
short flooding for bathing (Lühr pers. comm.). 
The scarcity of water in the system is apparently reflected 
in the fact that the diet of woodstar nestlings is based mostly 
on insects of the orders Hymenoptera, Homoptera, and Cole-
optera (Estades et al. 2007), while in many hummingbird 
species the most frequent insects in their diet belong to wa-
ter-related groups, such as Ephemeroptera and Diptera 
(Baltosser 1989, Greeney et al. 2006). 
 
Breeding biology and nesting success. The breeding of the 
Chilean Woodstar is apparently synchronized with the flow-
ering of chañar, a legume tree that flowers intensively during 
September-October and produces nectar rich in sugar 
(Eynard & Galetto 2002, Lühr 2011). During the same period, 
citrus trees are also in flower, constituting the second-most 
important nectar source for the species in the study area 
(Lühr 2011). 
Compared to other hummingbirds, the estimated para-
meters indicate that the Chilean Woodstar has a very long 
nesting cycle. Although incubation time (17.3 days) falls with-
in the normal range for this family (15–20 days; Skutch 1931, 
1964; Fraga 1984, Thomas 1994, Marín 2001, Winkler et al. 
2015), the nestling stage (average 31 days) is longer than 
that reported for most species (18–30 days; Skutch 1931, 
1951, 1961; Brown 1992, Thomas 1994, Marín 2001,  
Greeney et al. 2006, Fierro-Calderón & Martin 2007). A  
potential problem of a long nesting cycle is a higher exposure 
to agents causing nest failure. However, although our esti-
mates of nest success seem low (21–44%), they fall within 
the range of nest success estimated by Baltosser (1983) for 
different species of hummingbirds in the southern United 
States (14.6–59.4%). 
The duration of the breeding cycle, combined with the 
short flowering season of the main nectar producing plants 
in Chaca, suggests that opportunities for a second brood are 
limited (Lazzoni 2014). We observed a few nests that were 
initiated in October but we were not able to follow their de-
velopment beyond that month. We had initially suspected 
that the species might have another breeding period during 
the fall, because of the existence of a second flowering peri-
od during the Austral summer (authors’ observations). How-
ever, more thorough observations in Azapa and Vitor 
(Lazzoni 2014) have failed to support this hypothesis, thus 
confirming the existence of just a single breeding season 
from mid-August to November. 
Predation is usually an important cause of nest loss in 
hummingbirds (Baltosser 1986). Although we did not witness 
predation events, our data suggest that in up to 56% of the 
failures an “external” agent might have been involved. We 
have no information regarding potential predators but they 
might include some passerine birds (Baltosser 1986). At least 
two species known to prey on bird nests (Menezes & Marini 
2017) are present in the area: Shiny Cowbird (Molothrus 
bonariensis) and Southern House Wren (Troglodytes muscu-
lus). Due to the position of woodstar nests in the tree, access 
by non-volant predators (e.g., rats) is probably restricted. 
The South American elegant racer (Pseudalsophis elegans), a 
snake, is present in the area, but it is very rare and we have 
never observed it climbing a shrub or tree.  
Although the two persons that work in the orchard are 
well aware of the presence of woodstars and are very care-
ful, sometimes the movement of people with ladders and 
other equipment may, inadvertently, cause destruction or 
abandonment of some nests. Also, we cannot rule out the 
accidental tipping of nests by individuals of the very abun-
dant Pacific Dove (Zenaida meloda) that nest in the same 
trees as woodstars. Finally, the effect of weather on nest 
failure is probably negligible, as strong winds are relatively 
rare and there is virtually no rainfall in the region. 
 
Implications for habitat restoration. Although the generali-
zation of our results is difficult because most of them come 
from one site, our observations suggest that, if appropriate 
breeding conditions are offered, the species may have the 
potential to produce a reasonable number of recruits per 
season. In the first place, these conditions involve the appar-
ent key combination of suitable nesting sites with nearby 
foraging resources and a minimal exposure to disturbance, 
and a site that can accommodate a lek of males. Some recent 
evidence indicates that leks need not to be in the vicinity of a 
nesting site but can be located several hundred meters apart 
(Lazzoni 2014). Second, breeding habitat may be based on 
already available exotic vegetation, although a long-term 
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habitat restoration program should probably focus on the 
use of native plant species in order to minimize the risks 
posed to the species by agricultural activities. However, the 
restoration of lek sites may represent a bigger challenge, 
because the high fidelity that males show to these 
“traditional“ places may limit their ability to use newly estab-
lished sites (Lazzoni 2014).  
More recent studies on this species (Lazzoni 2014, Aves-
Chile 2017) suggest that the Chilean Woodstar is more sensi-
tive to habitat changes than the other hummingbirds species 
present in this region, including its direct competitor, the 
Peruvian Sheartail, and the larger, more common Oasis  
Hummingbird (Rhodopis vesper). The information presented 
in this study should provide some keys to the recovery of this 




The authors wish to acknowledge Chile's Servicio Agrícola y 
Ganadero (SAG) for funding this study. CONAMA's Environ-
mental Protection Fund also contributed with some re-
sources for the monitoring. Federico Johow granted us per-
mission to work in his property. Several people helped with 
the nest search, including René Ramírez, Ana María Venegas, 
María Angélica Vukasovic, Jorge Tomasevic, Martín Escobar, 
Verónica Lopez, Charif Tala, Leonardo Turra, Paulina Gonzá-
lez, and, particularly, Daniela Lühr. Jorge Tomasevic, Paulina 
González, and Wouter van Dongen made useful comments 
on a first draft of this paper. The editors Kaspar Delhey, Raúl 
Ortiz-Pulido, and André Weller, and two anonymous review-





AvesChile (2017) Estimación poblacional del Picaflor de Arica. Unpub-
lished report. Ministerio del Medio Ambiente de Chile, Santiago, 
Chile. 
Baltosser, WH (1983) Nesting ecology of sympatric hummingbirds in 
Guadalupe Canyon. PhD thesis, New Mexico State Univ., Las Cruces, 
New Mexico, USA. 
Baltosser, WH (1986) Nesting success and productivity of hummingbirds 
in southwestern New Mexico and southeastern Arizona. Wilson 
Bulletin 98: 353–367. 
Baltosser, WH (1989) Nectar availability and habitat selection by hum-
mingbirds in Guadalupe Canyon. Wilson Bulletin 101: 559–578. 
Baltosser, WH (1996) Nest attentiveness in hummingbirds. Wilson Bulle-
tin 108: 228–245. 
BirdLife International. 2017. Eulidia yarrellii. The IUCN Red List of 
Threatened Species 2017: e.T22688244A112392683. Downloaded 
on 17 May 2017 from https://www.iucnredlist.org/. 
Brown, BT (1992) Nesting chronology, density and habitat use of Black-
chinned Hummingbirds along the Colorado river, Arizona. Journal of 
Field Ornithology 63: 393–400. 
Chávez-Lazo, D, A Arata-Pozzuoli & O Farfán-López (2008) El cultivo del 
olivo en los valles de Caravelí. Centro de Estudios y Promoción del 
Desarrollo. Programa Regional Sur, Arequipa, Perú.  
Cruz, AD (2006) Rango de ocurrencia y abundancia del “Picaflor de  
Tacna” (Eulidia yarrellii) en el sur del Perú. Report, Administración 
Técnica Forestal y de Fauna Silvestre Moquegua-Tacna, Tacna, Perú. 
Estades, CF, J Aguirre, MAH Escobar, JA Tomasevic, MA Vukasovic & C 
Tala C. (2007) Conservation status of the Chilean Woodstar (Eulidia 
yarrellii). Bird Conservation International 17: 163–165. 
Eynard, C & L Galetto (2002) Pollination ecology of Geoffroea decorti-
cans (Fabaceae) in central Argentine dry forest. Journal of Arid Envi-
ronments 51: 79–88. 
Fierro-Calderón, K & TE Martin (2007) Reproductive biology of the Vio-
let-Chested Hummingbird in Venezuela and comparisons with other 
tropical and temperate hummingbirds. The Condor 109: 680–685. 
Fraga, RM (1984) Aspectos de la biología reproductiva del Picaflor Ver-
de Común (Chlorostilbon auriventris). El Hornero 12: 156–158. 
Gilliard, ET (1969) Birds of paradise and bower birds. Weidenfeld and 
Nicholson, London, UK. 
Greeney, HF, RC Dobbs, GIC Diaz, S Kerr & JG Hayhurst (2006) Breeding 
biology of the Green-fronted Lancebill (Doryfera ludovicae) in east-
ern Ecuador. Ornitologia Neotropical 17: 321–331. 
Hayes, FE, NA Trimm, B Sanasie & RP French (2000) Breeding biology of 
the White-tailed Sabrewing at Tobago, West Indies. Journal of Field 
Ornithology 71: 597–605. 
Lazzoni, I (2014) Expansión o extinción: el rol de la competencia en la 
tendencia poblacional de Eulidia yarrellii y Thaumastura cora. PhD 
thesis, Univ. de Chile, Santiago, Chile. 
Lühr, D (2011) Implementación de un programa de bebederos para la 
conservacion del Picaflor de Arica. Undergraduate thesis, Univ. de 
Chile, Santiago, Chile. 
Luebert, F (2004) Apuntes sobre la vegetación de bosque y matorral del 
desierto precordillerano de Tarapacá (Chile). Chloris Chilensis 7. 
Available from http://www.chlorischile.cl [Accessed 2 June 2009]. 
Marín, M (2001) Postnatal development of the Violet Sabrewing in 
Costa Rica. Wilson Bulletin 113: 110–114. 
Mayfield, H (1975) Suggestions for calculating nest success. Wilson 
Bulletin 87: 456–466. 
Menezes, JCT & MA Marini (2017) Predators of bird nests in the Neo-
tropics: a review. Journal of Field Ornithology 88: 99–114. 
Ministerio del Medio Ambiente (2008). Myrica pavonis. Ficha de clasifi-
cación de la especie. Ministerio del Medio Ambiente, Santiago, 
Chile. 
Navarro-González, R, FA Rainey, P Molina, DR Bagaley, BJ Hollen, J De la 
Rosa, AM Small, RC Quinn, FJ Grunthaner, L Cáceres, B Gomez-Silva 
& CP McKay (2003) Mars-like soils in the Atacama desert, Chile, and 
the dry limit of microbial life. Science 302: 1018–1021. 
Newton, I (1998) Population limitation in birds. Academic Press, San 
Diego, California, USA. 
Parker, TA (1982) First record of the Chilean Woodstar Eulidia yarrellii in 
Peru. Bulletin of the British Ornithologists' Club 102: 85–86. 
Santibáñez, F (1981) Zonificación de los recursos climáticos de la I re-
gión. Pp 1–11 in Santibáñez, F, M Etienne & S Lailhacar (eds). Deli-
mitación y caracterización de los ecosistemas de la I región de Chile. 
Sociedad Agrícola CORFO-SACOR, Santiago, Chile. 
Skutch, AF (1931) The life history of Rieffer's Hummingbird (Amazilia 
tzacatl tzacatl) in Panama and Honduras. The Auk 48: 481–500. 
Skutch, AF (1951) Life history of Longuemare's Hermit Hummingbird. 
Ibis 93: 180–195. 
Skutch, AF (1958) Life history of the Violet-headed Hummingbird. Wil-
son Bulletin 70: 5–19. 
Skutch, AF (1961) Life history of the White-crested Coquette Humming-
bird. Wilson Bulletin 73: 5–10. 
Skutch, AF (1964) Life histories of hermit hummingbirds. The Auk 81:  
5–25. 
Stiles, FG (1995) Behavioral, ecological and morphological correlates  
of foraging for arthropods by the hummingbirds of a tropical wet  
forest. The Condor 97: 853–878. 
Thomas, BT (1994) Blue-tailed Emerald Hummingbird (Chlorostilbon 
mellisugus) nesting and nestling development. Ornitología Neotro-
pical 5: 57–60. 
Wagner, HO (1946) Food and feeding habits of Mexican hummingbirds. 
Wilson Bulletin 58: 69–132. 
Winkler, DW, SM Billerman & IJ Lovette (2015) Bird families of the 
world: an invitation to the spectacular diversity of birds. Lynx Edi-
cions, Barcelona, Spain. 
